The main challenge in designing a good random access schemes is how to maximize the channel throughput while improves the fairness of random access channels. In this paper, we propose a new backoff algorithm to improve the fairness of random access channels while achieves high channel throughput. A novel feature of the proposed backoff algorithm is that every node modifies its backoff interval according to the number of retransmission attempts. So that, each active node increases (decreases) its backoff interval in case of collision (successful transmission) by a factor which exponentially decreases as the number of retransmission (previous retransmission) attempts increases. Also, the backoff interval is controlled according to the channel offered traffic using fuzzy controller to maximize the channel throughput. A computer simulation is developed using MATLAB to evaluate the performance of the proposed backoff algorithm and compare it with the Binary exponential backoff (BEB) scheme which is widely used due to its high channel throughput while its fairness is relatively poor. It is shown that the proposed backoff algorithm out-performs the BEB scheme in terms of improving the fairness of random access channels while achieving high channel throughput and even slightly higher than that of BEB scheme.
Introduction
In shared-channel wireless networks, a common channel is shared by a number of geographically distributed nodes. Packet collisions may take place as a result of the random transmissions from active nodes. Medium access control (MAC) protocol is needed to resolve access collisions such as ALOHA protocol [1] [2] [3] . After collisions, nodes need to back off and retry at a later time. The process of backoff is managed by the backoff algorithm, which dynamically controls the backoff interval [4] [5] [6] [7] [8] [9] [10] [11] . In a backoff algorithm, the duration of the backoff is usually selected randomly in the range of zero and some maximum time duration, which we refer to as the backoff interval.
Setting the length of the backoff interval is, however, not a trivial task. On the one hand, with a fixed number of ready nodes, small backoff intervals do not reduce the correlation among the colliding nodes to a low enough level. This results in a still too high probability of collisions, lowering the channel throughput. On the other hand, large backoff intervals introduce unnecessary idle time on the channel and increase the average packet delay, also degrading the scheme's performance. High channel throughput and low delay are the two fundamental characteristics of a good backoff algorithm, but not the only two. Fairness among competing nodes should also be considered. In designing backoff algorithms, one should avoid algorithms with high channel throughput and low delay, but poor fairness [12] .
In this paper, we propose a new backoff algorithm to improve the fairness of random access channels while achieves high channel throughput. A novel feature of the proposed backoff algorithm is that every node modifies its backoff interval according to the number of retransmission attempts to improve the fairness of random access channels. So that, each active node increases its backoff interval in case of collision by a factor which exponentially decreases as the number of retransmission attempts increases, and decreases its backoff interval in case of successful transmission by a factor which exponentially decreases as the number of previous retransmission attempts increases. Also, the backoff interval is controlled according to the channel offered traffic using fuzzy controller to maximize the channel throughput.
The paper is organized in the following way. Section 2 discusses previous related work. The proposed backoff algorithm is introduced in Section 3. The performance evaluation is presented in Section 4. Section 5 concludes the paper.
Related Work
The Binary exponential backoff (BEB) is an algorithm being widely used in the MAC-layer protocols [4] [5] [6] [7] . In BEB, each node doubles the backoff interval up to the maximum backoff interval after a collision occurs, and decreases the backoff interval to the minimum value after a successful transmission. We summarize BEB by the following set of equations:
• B = min(2B, B max ) → upon collision • B = B min → upon successful transmission where B is the value of backoff interval. The values of the B min and B max are predetermined, based on the possible range of number of active nodes and the traffic load of a network. The simplicity and good performance of BEB contribute to its popularity. Unfortunately, the fairness of the BEB scheme is relatively poor in some scenarios [8, 9] . A simple example is a network with two active nodes competing with each other, each of which has enough data traffic to saturate the channel. When one node is successful in its transmission, it decreases its backoff interval to the minimum value. Since the other node was not successful in its transmission, it has now to compete with the first node with a larger backoff interval. With high probability, the first node will continue to repeatedly gain access to the channel, while the backoff interval of the second node will be repeatedly doubled until it reaches the maximum value. Consequently, the first node effectively monopolizes the channel, while the second node is deprived from accessing the channel altogether.
There are many published works studying the backoff schemes for slotted random access channels and the problem of unfairness in the BEB scheme. In [10] , an exponential backoff scheme has been proposed to control the retransmission probability of each busy node on slotted random access channels. At the beginning of each slot, a busy node "flips" a biased coin according to the retransmission probability, to decide whether or not to transmit packet in the slot. The operation of the proposed scheme is based on (0, 1, e) channel feedback, in which 0, 1, and e represent idle, successful, and collided channel status, respectively. Each node decreases the retransmission probability by multiplying it by a factor of q (0 < q < 1), when the channel feedback of the previous slot is e (collisions). When the channel feedback is 0 (idle), the retransmission probability is increased by multiplying it with 1/q. The retransmission probability is unchanged when channel feedback is 1 (success). Simulations were performed to find the optimum value of q for different network scenarios.
In [11] , a fair backoff control scheme for an IEEE 802.11-based wireless ad hoc network has been proposed. In the scheme, the contention window (backoff interval) is changed according to the received packets and the fair share of channel assigned to each node. In [5] , an analytical model to study generalized backoff schemes for the slotted ALOHA scheme is presented. In the following section we propose a new backoff algorithm to maximize the channel throughput while improve the fairness of random access channels.
The Proposed Backoff Algorithm
In general, a backoff algorithm decreases the backoff interval at the successful transmitter and increases that at the collided transmitter. An important design issue is to determine how fast these changes should be and how "other" nodes should respond to the channel activities. The BEB scheme tends to favour the last successful transmitter and "other" nodes do not change their backoff intervals.
The proposed algorithm depends on collision status of the node in terms of number of retransmission attempts and the channel offered traffic which controlled using fuzzy controller to maximize the channel throughput while achieving fair access to all active nodes on a shared channel. Furthermore, the operation of the proposed scheme does not require the knowledge of the number of active nodes in a network.
In the proposed scheme, every node that experiences packet collisions multiplies its backoff interval by B: backoff interval or backoff window Nr: number of previous retransmission attempts α: a fuzzy controlled parameter. B max , B min : maximum and minimum backoff interval As shown, upon failed transmission at sender the backoff interval increases by a factor [1 + exp(−Nr/α)] which always greater than one to maintain the stability of the algorithm at high offered traffic. But this factor reduces the rate of increase in the backoff interval as the number of retransmission attempts increases. So that, backoff interval of node with low number of retransmission attempts increases faster than backoff interval of node with high number of retransmission attempts to provide fair access delay for all active nodes. Since, it is not fair to increase all active nodes with a fixed factor without regard to its access delay.
With the same fair concept upon successful transmission at sender the backoff interval decreases by a factor exp(−Nr/α) where Nr is the number of previous retransmission attempts. It is shown that the factor exp(−Nr/α) significantly decreases as the number of previous retransmission attempts increases to compensate the active nodes for the high access delay suffered in its previous retransmission attempts.
The fuzzy controlled parameter α controls the rate of increment and decrement of the backoff interval according to the estimated offered traffic to maximize the channel throughput. Since the value of α controls the average 59 value of the backoff interval which in turns controls the backlogged traffic to adjust the total offered traffic around the values that maximize the channel throughput. So that, if the network is overloaded the average backoff interval should be increased to relief (reduce) the offered traffic. This can be done by increasing α and vice versa.
The input of the fuzzy controller is the estimated offered traffic (Gest). It is very difficult to know the exact average traffic load. So, we use a very simple algorithm which is proposed in [13] to estimate the traffic load without the use of estimators. The algorithm estimates the load in an estimation period and this estimate is applied during all the duration of the next estimation period. The algorithm is as follows.
• Step 1: Calculate the probability of finding an empty slot in an estimation period as P Empty_Slot = (Total number of empty slots)/(Total number of slots) Figure 2 . The channel throughput.
• Step 2: Calculate the estimated traffic load Gest = −(1/T ) * ln(P Empty_Slot ), where T is the slot period It is important to note that the estimation period must be sufficiently large to be statistically accurate. We choose 100 time slot as the estimation period to keep the response of the proposed backoff algorithm efficiently fast and at the same time trying to overcome the small estimation error using our fuzzy controller.
The output of the fuzzy controller is the change of the value of α (Δα). The membership functions for the input and output of the fuzzy controller are shown in Fig. 1 . It shows that when Gest increases towards the "High" and "Very High" fuzzy set of Gest the value of Δα positively increases towards the "High" and "Very High" fuzzy set of Δα and when Gest decreases towards the "Small" fuzzy set of Gest the value of Δα negatively decreases towards the "Small" fuzzy set of Δα. Also, it shown that the value of Δα tends to zero, when Gest belongs to the "Medium" fuzzy set to maximize the channel throughput.
Performance Evaluation
The simulator was programmed using MATLAB, and simulation results were obtained by running 5,000,000 time slots after 1,000,000 time slots of warming up. We have run simulations to evaluate the performance of the proposed backoff algorithm and compare it with BEB algorithm for a slotted system. Network performance measures are usually given as a function of the offered load, which is the actual traffic demand presented to the network. The number of nodes that are contending for the access of the medium can be used as an offered load. In this paper, we assume a number of nodes in saturation conditions. Here saturation condition means that each node always has a packet to transmit. We consider two cases for backoff interval, unlimited backoff interval and truncated backoff interval with maximum backoff interval of 1024 slot. Initially, every node has a minimum backoff interval of B min = 2, 4, 8, and 16.
The first set of simulation with unlimited backoff interval. Fig. 2 shows that the channel throughput achieved by the proposed backoff algorithm slightly higher than that of BEB algorithm especially at B min = 2. Also, it shows that the channel throughput achieved by both backoff algorithms converges together as the number of active nodes increases at B min = 4, 8, and 16 while diverges at B min = 2. Fig. 3 shows that the access delay of both algorithms increases approximately linearly as the number of active nodes increases. The access delay of proposed algorithm at B min = 4, 8, and 16 are close together and significantly higher than at B min = 2. The access delay of BEB algorithm slightly lower than that of the proposed algorithm at B min = 4 and 8. Fig. 4 shows that the packet success probability of the proposed algorithm initially decreases until 10 active nodes, after that it tends to become nearly constant (saturated) as the number of active nodes increases. On the contrary, packet success probability of BEB algorithm decreases as the number of active nodes increases. It is also shown that the packet success probability of BEB algorithm slightly higher than that of the proposed algorithm at B min = 4, 8, and 16 while at B min = 2 packet success probability of the proposed al- The second set of simulation with truncated backoff interval with maximum backoff interval of 1024 slot. Fig. 5 shows that the channel throughput achieved by both backoff algorithms converges as the number of active nodes increases and they are slightly close together at B min = 4, 8, and 16, while at B min = 2 the proposed algorithm achieves significantly higher channel throughput. Fig. 6 shows that the access delay of both algorithms increases linearly as the number of active nodes increases and they are very close together while the access delay of the proposed algorithm at B min = 2 slightly lower. Fig. 7 shows that the proposed algorithm significantly achieves the highest packet success probability at B min = 2 and for the other values of B min the packet success probability of the proposed algorithm become constant and higher than that of BEB algorithm as the number of active nodes increases while that of BEB algorithm decreases. Fig. 8 compares the performance of fairness of the BEB algorithm and the proposed algorithm. In this figure, we show the fairness index (FI) as a function of traffic load at 10 active nodes. The FI is calculated as the probability that the previous successful node becomes the next successful transmitter [12] . The FI thus indicates the instantaneous domination in the channel sharing and its ideal value is 62 the reciprocal of the number of active nodes. From Fig. 8 , we can observe that the proposed algorithm significantly reduces the FI which means significant improvement in the performance of fairness compared to BEB algorithm for all values of B min except only at B min = 2 with high offered traffic.
Conclusion
The main challenge in designing a good random access schemes is how to maximize the channel throughput while improves the fairness of random access channels. The random access process is managed by the backoff algorithm, implemented in the MAC-layer protocol, which usually adaptively change the retransmission delay according to the traffic load.
In this paper, we propose a new backoff algorithm, to improve the fairness of random access channels while achieves high channel throughput. A novel feature of the proposed backoff algorithm is that every node modifies its backoff interval according to the number of retransmission attempts. So that, each active node increases (decreases) its backoff interval in case of collision (successful transmission) by a factor which exponentially decreases as the number of retransmission (previous retransmission) attempts increases to improve the fairness of random access. Also, 63 the backoff interval is controlled according to the channel offered traffic using fuzzy controller to maximize the channel throughput. The fuzzy controlled parameter α control the rate of increment and decrement of the backoff interval according to the estimated offered traffic. So that the value of α control the average value of the backoff interval which controls the backlogged traffic to adjust the total offered traffic around the values that maximize the channel throughput. A computer simulation is developed using MATLAB to evaluate the performance of the proposed backoff algorithm and compare it with the BEB scheme that widely used due to its high channel throughput while its fairness is relatively poor. It is shown that the proposed backoff algorithm out-performs the BEB scheme in term of improving the fairness of random access channels while achieves high channel throughput and even slightly higher than that of BEB scheme.
